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(54) COPPER ALLOY FOIL CURRENT COLLECTOR FOR SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a copper alloy foil current collector for a secondary 
battery with high conductivity and high tensile strength. 

SOLUTION: This current collector is made of a copper alloy having an alloy composition of 95 
wt.% or more copper and 0.01-5 wt.% at least one element selected from the group 
comprising iron, nickel, chromium, phosphorus, tin, and zinc. The thickness of the copper 
alloy foil current collector is preferable to be 8-25 ^im, and the tensile strength is preferable to 
be 500 N/mm2. The copper alloy foil current collector is preferable to be used in a lithium ion 
secondary battery using a carbon base material such as carbon as a negative active material. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the charge collector made from a copper alloy foil used 

in case a rechargeable battery, especially a lithium system rechargeable battery are created. 

[0002] 

[Description of the Prior Art] Fundamentally, the rechargeable battery consists of the electrolytic 
solutions for enabling migration of ion between the separator which insulates a positive electrode, a 
negative electrode, a positive electrode, and a negative electrode and a positive electrode, and a negative 
electrode. It comes to apply various kinds of active materials to the front face of the charge collector 
with which the negative electrode of a rechargeable battery consists of a metallic foil. Generally the 
copper foil (thickness of several micrometers - about dozens of micrometers) obtained using a pure- 
copper system ingredient, for example, tough pitch copper etc., as this metallic foil is adopted from the 
viewpoint of conductivity and an ionization tendency. Moreover, as an active material, the paste-like 
object which mixed carbon or graphite, and binders, such as poly vinylidene fluoride (PVDF), is used. 
[0003] Compared with the foil which consists of the foil which consists of other metallic materials, for 
example, iron, nickel, stainless steel, titanium, zinc, magnesium, etc., the copper foil obtained using 
tough pitch copper etc. has high conductivity, and it is desirable as a material of a charge collector. 
However, even if it is such copper foil, it does not pass to say that it excels in respect of conductivity 
compared with the foil which consists of other metallic materials, and cannot be said to be an ideal 
thing. 

[0004] For example, if it says from the point of tensile strength, such copper foil cannot be said to be 
still sufficient thing. Namely, although various kinds of active materials are applied to a charge collector 
as described above, the load of the comparatively high tensile stress is carried out to a charge collector at 
this time. Therefore, when the load of such tensile stress is carried out, a charge collector must possess 
the tensile strength of extent which is not fractured. Moreover, although a charge collector is wound and 
it is included in a rechargeable battery since a rechargeable battery is miniaturized, the load of the 
comparatively high tensile stress is carried out to a charge collector also at this time. Therefore, a charge 
collector must possess the tensile strength of extent which is not fractured also in this case. 
[0005] Furthermore, also after a charge collector is built into a rechargeable battery, the load of the 
repeated stress is carried out to a charge collector. That is, the charge and discharge of a rechargeable 
battery are made when conductive ion, such as a lithium ion, repeats a dope and a dedope to the active 
material applied to the charge collector, and the load of the repeated stress is carried out to a charge 
collector with this dope and a dedope. Therefore, the tensile strength of extent which can bear such 
repeated stress must be provided. By such repeated stress, if a charge collector is fractured or damaged, 
the engine performance of a rechargeable battery will fall or a life will become short. 
[0006] 

[Problem(s) to be Solved by the Invention] The copper foil obtained using conventional tough pitch 
copper etc. was not yet enough satisfactory in respect of the above-mentioned tensile strength. For this 
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reason, this invention person considered that alloying in order to raise the tensile strength of copper foil. 
However, generally, although tensile strength improves, since the alloyed copper alloy foil is not a pure- 
copper system, conductivity important in first meaning as a charge collector will fall greatly. Then, 
when this invention person changed and examined various alloying elements at the time of alloying, he 
got the specific element and quantum addition was carried out, he reached [ raising tensile strength and 
getting, without reducing conductivity greatly, and ] a header and this invention. 
[0007] 

[Means for Solving the Problem] That is, this invention relates to the charge collector made from a 
copper alloy foil for rechargeable batteries characterized by having the elementary composition which 
becomes 0.01 - 5 % of the weight of a kind or two sorts or more of elements chosen from the group 
which consists of 95 % of the weight or more of copper, iron, nickel, chromium, Lynn, tin, and zinc. 
[0008] The charge collector made from a copper alloy foil for rechargeable batteries concerning this 
invention contains copper (Cu) 95% of the weight or more. Since the conductivity of the charge 
collector with which a copper content becomes being less than 95 % of the weight from a copper alloy 
foil falls greatly, it is not desirable. 

[0009] And a kind or two sorts or more of elements chosen from the group which consists of iron (Fe) 
(nickel nickel) chromium (Cr) Lynn (P), tin (Sn), and zinc (Zn) other than copper are added 0.01 to 5% 
of the weight. Since tensile strength of a charge collector cannot improve easily that these alloying 
elements are less than 0.01 % of the weight, it is not desirable. Moreover, if these alloying elements 
exceed 5 % of the weight, the tensile strength of a charge collector will improve, but since conductivity 
falls, it is not desirable. As a desirable alloy presentation of the charge collector made from a copper 
alloy foil concerning this invention, an example, such as Cu-Fe, Cu-nickel, Cu-Cr, Cu-Fe-P, and Cu-Cr- 
Sn-Zn, can be given, for example. In addition, it cannot be overemphasized that the unescapable 
impurity element may be carrying out minute amount mixing besides copper and these alloying 
elements. 

[0010] As for the copper alloy foil used as a charge collector in this invention, it is desirable that it is a 
rolling copper alloy foil. That is, it is desirable that it is the rolling copper alloy foil work hardened with 
cold rolling. This is because tensile strength serves as size more with work hardening. In this invention, 
the copper alloy foil obtained by the electrolytic decomposition process, i.e., an electrolytic copper alloy 
foil, may be used. Furthermore, the copper alloy foil (said to be a rolling electrolytic copper alloy foil.) 
which cold-rolls an electrolytic copper alloy foil and is obtained may be adopted. 
[001 1] As for the thickness of the charge collector made from a copper alloy foil for rechargeable 
batteries, it is desirable that it is 8-25 micrometers. If the thickness of a charge collector is set to 8 
micrometers or less, even if the tensile strength per unit square millimeter is high, the inclination for the 
tensile strength as the whole to become low will arise. Moreover, if the thickness of a charge collector 
exceeds 25 micrometers, plates, such as a negative electrode, will become thick and the inclination 
which stops being able to miniaturize a rechargeable battery easily will arise. As for the tensile strength 
of the charge collector made from a copper alloy foil for rechargeable batteries, it is desirable that it is 
two or more [ 500Ns //mm ]. If tensile strength becomes less than [ 500Ns //mm ] two, in case an active 
material will be applied to a charge collector, or in case it winds in order to include in a rechargeable 
battery, there is a possibility that a charge collector may fracture. 

[0012] The charge collector made from a copper alloy foil for rechargeable batteries concerning this 
invention can be conventionally obtained easily by the well-known approach. For example, the charge 
collector for rechargeable batteries which consists of a copper alloy foil can be obtained by preparing the 
ingot containing the copper of the specified quantity, and the alloying element of the specified quantity, 
and performing hot rolling, primary cold rolling, intermediate annealing, and secondary cold rolling to 
this. Moreover, the ingot containing the copper of the specified quantity and the alloying element of the 
specified quantity can be prepared, and the charge collector for rechargeable batteries which consists of 
a copper alloy foil can also be obtained with an electrolytic decomposition process. 
[0013] Such a copper alloy foil is suitably used as a charge collector for [ various ] rechargeable 
batteries. That is, various active materials are applied to a copper alloy foil, and it is suitably used for it 
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as a plate (negative electrode) of lithium system rechargeable batteries, such as a lithium ion battery, a 
metal lithium cell, and a polymer battery. Especially the charge collector made from a copper alloy foil 
concerning this invention is suitable, although the active material of the carbon system ingredient which 
consists of carbon or graphite is applied to a current collection body surface and this is used as a 
negative electrode of a rechargeable lithium-ion battery. 
[0014] 

[Example] Hereafter, although an example explains this invention, this invention is not limited to an 
example. The charge collector made from a copper alloy foil for rechargeable batteries with which this 
invention carries out the amount content of specification of the copper and the specific alloying element 
of the amount of specification should be recognized to be what was made based on the knowledge that 
high tensile strength can be realized, controlling a fall for conductivity. 

[0015] After dissolving examples 1-3 and example of comparison 1 electrolytic copper (electrolytic 
copper), it cast by carrying out specified quantity addition of the alloying element indicated to Table 1. 
And after hot-rolling, cold rolling and intermediate annealing were repeated and given and the charge 
collector made from a copper alloy foil with a thickness of 10 micrometers for rechargeable batteries 
was obtained. 
[0016] 

Table 1] 
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In addition, % of the alloying element in Table 1 expresses weight %. 

[0017] The result of having measured the situation after the tensile strength of the obtained charge 
collector made from a copper alloy foil for rechargeable batteries, conductivity, and 1000 cycles was 
shown in Table 1. These measuring methods are as follows. 

(1) -- [tensile strength (N/mm2) ]: -- a test piece with a width of face [ of 10mm ], and a die length of 
120mm » extracting ~ the rolling direction of a copper alloy foil ~ the die-length direction of a sample - 
- in agreement -- making - US Based on the approach of a publication, it measured to Z2241 . 

(2) [Conductivity (%IACS)]:JIS H Based on the approach of a publication, it measured to 0505 
(measuring method of the volume resistivity of nonferrous metals, and conductivity). 

[0018] (3) The rechargeable battery was created by the approach of i shown below in [situation after 
1000 cycles]:, and the approach of ii shown below estimated the situation after 1000 cycles, 
i) A negative electrode applies the mixture of difficulty graphitization carbon and a fluorine system 
binder to a current collection body surface, and creates it. On the other hand, a positive electrode applies 
to the charge collector made from aluminium foil with a thickness of 20 micrometers the mixture of the 
graphite which are a cobalt acid lithium, a fluorine system binder, and electric conduction material, and 
creates it. And the separator made from polypropylene with a thickness of 40 micrometers was inserted 
between the negative electrode and the positive electrode, the layered product which consists of a 
negative electrode / a separator / a positive electrode was wound around the curled form, and it 
considered as the electrode component. Moreover, the organic carbonate was used for the electrolytic 
solution as a solvent, using LiBF4 as an electrolyte. The rechargeable battery with a diameter [ phi ] of 
18mm was created as mentioned above, ii) After charging this rechargeable battery on the conditions of 
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time amount 2.5 hours by current 1C (1.3A), it discharged by current 0.2C. After repeating such a 
charge-and-discharge cycle 1000 times (1000 cycles), the interior of a rechargeable battery was 
observed through the X-ray. And the situation of the charge collector of a negative electrode was 
observed by viewing, it evaluated whether abnormalities would have arisen or not, it estimated "with no 
abnormalities", and what has checked fracture and damage was estimated as "fracture". [ what can check 
neither fracture nor damage ] 

[0019] Even if each charge collector concerning examples 1-3 indicates comparatively high conductivity 
to be high tensile strength and repeats charge and discharge, neither fracture nor damage is looked at by 
the charge collector so that clearly from the result of Table 1. Although the charge collector built over 
the example 1 of a comparison on the other hand has high tensile strength, its conductivity is low and is 
not desirable as a charge collector. Moreover, fracture and damage will be looked at by the charge 
collector, if what consists of tough pitch copper which is the conventional pure-copper system charge 
collector has inadequate tensile strength and charge and discharge are repeated. 
[0020] 

[Function and EfFect(s) of the Invention] High tensile strength can be realized without reducing 
conductivity greatly compared with a pure-copper system charge collector, since the charge collector 
made from a copper alloy foil for rechargeable batteries concerning this invention has in copper the 
elementary composition by which the amount addition of specification of the specific element was 
carried out as stated above. Therefore, in case an active material is applied to a charge collector, or in 
case a charge collector is wound, even if the load of the high tensile stress is carried out, it is hard to 
fracture a charge collector and the operation effectiveness that the trouble at the time of rechargeable 
battery manufacture can be prevented is done so. Moreover, in case charge and discharge are repeated to 
a rechargeable battery, endurance is good to because of that of high tensile strength also to the stress by 
which a load is carried out to a charge collector. Therefore, the degradation of the rechargeable battery 
by the repeat of charge and discharge is stopped, and the effectiveness that the life of a rechargeable 
battery also becomes long further is done so. 

[Translation done] 
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